Microorganisms in soil are essential for plant growth, the maintenance of environmental quality, and the functioning of biogeochemical cycles because of their role in mineralizing organic molecules, regenerating nutrients that are in forms unavailable to higher plants, destroying toxic chemicals, and releasing products that are important in geochemical cycles. Nevertheless, little information is available on how ambient concentrations of major air pollutants affect these microorganisms or their activities in nature. The few published studies have chiefly dealt with pure cultures or organisms in other ecosystems, and they have frequently employed concentrations far higher than those found in natural air (1, 5, 8) . Recent investigations have shown, however, that low levels of SO2, NO2, or the products formed from them in water are toxic to certain microorganisms or microbial activities; thus, inhibition of photosynthesis and nitrogen fixation by blue-green algae (cyanobacteria) and lichens (5, 12) , nitrification (2) , and respiration of other microbial groups (13) has been noted.
Evidence exists that the antimicrobial effects of SO2, NO2, or the products formed in water from them increases as the pH decreases (2, 12, 13) . These findings are of considerable significance because vast areas contain acidic soils, and many forests are on lands that have low pH. The present study was therefore initiated to assess possible effects of bisulfite and nitrite, two of the potential products of SO2 and NO2 dissolution in water, on the respiration and break- 1 .0 mg/g of soil (specific activity 27 nCi/mg). To the center wells was added a small piece of folded Whatman no. 42 filter paper. The respirometer flasks were then incubated at 25°C for 12 h. To these flasks was added distilled water or a solution of nitrite or bisulfite such that the final moisture content was 70% of field capacity (26% water, wt/ wt). The flasks were attached to manometers, and oxygen consumption was measured at 15-min intervals for 300 min. The amount of 14CO2 evolved was determined at the end of the experiment by adding 2.0 ml of flushing solution (9) and trapping the CO2 released on the filter paper previously moistened with 0.1 ml of 20% KOH. The filter papers were then removed and placed in scintillation vials containing 15 ml of Aquasol II (New England Nuclear), and the radioactivity of the respired "4CO2 was determined on a Beckman LC-100 scintillation counter (Beckman Instrument Co., Fullerton, Calif.). Previously, the rate of oxygen uptake using 1 .0 mg of D-glucose per g of soil had been established to determine the incubation time needed for soil respiration to be proceeding at the maximum rate, and it was at this time in the subsequent study that 6.65 nCi/mg, respectively). The final moisture content of the soils was adjusted to 26% (wt/wt). After incubation for 24 h at 29°C, 0.2 ml of 10% KOH was applied to the filter paper to absorb the '4C02 evolved and released after the addition of 2.0 ml of flushing solution (9) . After 1.0 h, the paper was removed and placed in a scintillation vial containing 15 ml of Aquasol II scintillation cocktail (New England Nuclear), and the radioactivity was counted.
To assess further how quickly the microflora recovered from exposure to the inhibitor, The rates of oxygen consumption and confidence limits of these rates are presented in Table  1 . The rates were linear with time. The rates of oxygen consumption were reduced by 28 to 70% in soil treated with 1 to 10 ,ug of nitrite-N per g of soil. At bisulfite-S concentrations of 22 and 28 Lg/g, the rates of oxygen consumption were reduced by 11 and 40%, respectively.
The rate of 14CO2 evolution in the breakdown of D-[ U-'4C]glucose is also presented in Table 1 . Table 2 represent C02 values after 24 h, whereas the data of Table 1 represent the initial amounts of CO2 evolved. The conversion of protein hydrolysate to C02 exhibited a markedly different sensitivity to nitrite, and 10 ,tg of nitrite-N per g of soil was required to produce a suppression (Table 2) . Moreover, although a stimulation was evident, it only was noted at concentrations of 2.5 ,tg of nitrite-N per g of soil or higher.
The effect of 5.0 jig of nitrite-N per g of soil on the rate of 14C02 evolution in samples amended with 15 mg of glucose per g of soil is shown in Fig. 1 . It is evident that the rates of C02 production were the same in the nitrite-amended and in the unamended soil, and no statistically significant difference was found. An appreciable delay was evident in the nitrite-supplemented soil before active C02 formation was detected, however. Nevertheless, the extent of mineralization was the same in both soil samples.
To determine how rapidly the microflora recovered from exposure to the toxicant, glucose and nitrite, nitrate (10 ,Lg of nitrite-N or nitrate-N added per g of soil), or no N were added to replicate flasks. It is evident ( Table 3 ) that nitrite was toxic only in the first day. The rate of C02 production in nitrite-amended soils receiving the sugar on later days was enhanced, as it was in the samples receiving nitrate. Hence, the nitrite suppression is clearly transitory.
The same experiment repeated with 20 ,Lg of nitrite-N and 14C-protein hydrolysate as organic substrate (Fig. 2) showed a significant (5% confidence level) inhibition in the first 24 h, the activity being reduced by 65%. In soil samples receiving the organic substrate more than 24 h after being treated with nitrite, the degradation was not inhibited, and no statistically significant effect was observed. Hence, even the toxicity from the high nitrite concentration was transitory.
An initial inhibition by 5.0 jig of nitrite-N per g of soil followed by a stimulation was also found when 14C-protein hydrolysate was added to the soil (Fig. 3) . The inhibition was 43 and 20% at 3 and 6 h, respectively. The total amount of "4CO2 varied from a stimulation of C02 evolution in the decomposition ofreadily available substrates to significant inhibition. The observed stimulation may have resulted from the addition of a utilizable nutrient or an oligodynamic effect similar to the influence of silver and other toxic metals. The inhibition was only temporary as shown by (i) the similarity in rates of 14CO2 evolution in unamended and nitrite-treated soils, after an initial suppression by nitrite, and (ii) the lack of toxicity in soil receiving nitrite some time before the organic nutrient. The transitory effect may be a consequence of the appearance of a tolerant population or a destruction of the toxicant. The latter possibility is especially likely because most of the nitrite had disappeared in a few hours.
In the present study, the procedure used involved testing the effects of the possible toxicants on populations responding to substrate additions, and hence specific populations were enriched in the soil. Such a procedure is commonly used in microbial ecology, but the method suffers from the deficiency arising from the fact that different populations might be favored by the presence of the toxicant or by the type of organic amendment, for example, by the sugar or protein hydrolysate.
Wodzinski et al. (13) demonstrated that respiration ofheterotrophic microorganisms in pure culture was only suppressed miniimally, if at all, by 8.1 ,ug of S per ml as sulfite-bisulfite, and the only organism sensitive to 14 ,ug of nitrite-N per ml was Pseudomonas fluorescens, whose rate of 02 consumption was reduced by one-third at pH 6 .0. From such data, it might be assumed that microbial respiration in natural ecosystems would only be reduced by unrealistically high concentrations of SO2, NO2, or their solubility products in water. However, the data presented here demonstrate that heterotrophic populations in soil are sensitive to quite low concentrations of nitrite and hence presumably of NO2. This sensitivity probably is a result of the low pH of the soil used. Thus, Wodzinski et al. (13) showed that 10-fold less nitrite or bisulfite was necessary at pH 6.0 to obtain inhibitions equiv- VOL. 38, 1979 on October 28, 2017 by guest http://aem.asm.org/ Downloaded from alent to those at pH 7.7, and suppressions in this extremely acid forest soil would therefore not seem unreasonable. The effect of pH in increasing toxicity of sulfite-bisulfite is also evident from the studies of Babich and Stotzky (2) . Moreover, a comparison of the present findings with those of Wodzinski et al. (13) supports the view of a pH dependency of nitrite toxicity because the extent of inhibition at 1.0 ,ig of nitrite.
N per gram of the acid soil was similar to that observed previously at 10-fold-higher nitrite levels at pH 6.0 and 100-fold-higher concentrations at pH 7.7 in pure culture.
The significance of the high nitrite-nitrous acid sensitivity shown in this investigation in assessing the influence of NO2 pollution is still unclear. The actual concentration ofthe toxicant in soil will be a function not only of the NO. level in the atmosphere and the soil pH but also the rates of nitrite-nitrous acid utilization by microorganisms and destruction by nonbiological mechanisms. However, these findings that O2 consumption and organic matter breakdown can be suppressed, as well as previous reports of toxicity to blue-green algae (13) and to nitrifying populations (4, 7), point to the need for further evaluation of the potential ecological effect of NOx on the soil microbiota. On the other hand, the rapid destruction may minimize the impact of nitrite to even the more sensitive organisms in this highly acid soil.
